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Objective: As an emerging endovascular alternative to ligation and stripping of the incompetent greater saphenous vein
(GSV), radiofrequency ablation was monitored with ultrasound scaning to evaluate anatomic results. Neovascularization
and inflammation are potential consequences that lead to the appearance of small vessels. The natural history of the
below-knee untreated GSV segment may be important in our understanding of ongoing chronic venous disease. An
ultrasound follow-up study was conducted to determine the prevalence of small vessel networks, defined as veins and
arteries less than 2 mm in diameter, adjacent to the saphenofemoral junction (SFJ); prevalence of small vessel networks
adjacent to the treated GSV in the thigh; and fate of the below-knee untreated GSV distal to the ablated segment.
Methods: One hundred six extremities with radiofrequency ablation of the GSV for treatment of superficial venous
insufficiency were followed up with high-resolution ultrasound imaging 4 to 25 months (median, 9 months) after the
procedure. Ninety-three limbs had concomitant ligation and division of the SFJ and its tributaries, and 13 limbs
underwent radiofrequency ablation without SFJ ligation. Ultrasound was used to evaluate patients for small vessel
networks, and concomitant findings of small vessel networks and recanalization at the SFJ and adjacent to the treated
GSV. The status of the below-knee segment of untreated GSV was evaluated for patency and reflux. Data analysis
compared the findings in the ligation group with those in the no-ligation group, with the 2 test and Fisher exact test.
Results: We found small vessel networks in 65% (n  69) of extremities: 15% (n  16) at the SFJ only, 26% (n  28) in
the thigh only, and 24% (n  25) at both the SFJ and thigh, resulting in a small vessel network prevalence of 39% (n 
41) at the SJF and 50% (n 53) in the thigh. The prevalence of small vessel networks at the SFJ was significantly less after
radiofrequency ablation with SFJ ligation (34%, 32 of 93) than after radiofrequency ablation without ligation (69%, 9 of
13; P  .035). Small vessel networks and GSV recanalization at the SFJ was more common in patients undergoing
radiofrequency ablation without ligation (46%, 6 of 13) than after radiofrequency ablation with ligation (14%, 13 of 93;
P  .014). The prevalence of small vessel networks in the thigh was not affected by SFJ ligation. The below-knee GSV was
patent in 79% (84 of 106), and 58% (61 of 106) demonstrated reflux, a decrease from the pre–radiofrequency ablation rate of
71% (75 of 106), possibly because thrombosis extended distally beyond the ablated segment in 16% (17 of 106) of the legs.
Conclusions: Small vessel networks were detected adjacent to or in connection with most of the radiofrequency
ablation–treated GSVs. SFJ ligation was associated with fewer small vessel networks and proximal GSV recanalization.
Most below-knee untreated GSV segments remained patent, andmost exhibited reflux. (J Vasc Surg 2004;40:1166-73.)The incompetent greater saphenous vein (GSV) in
patients with chronic superficial venous insufficiency has
been treated with a variety of procedures, including ligation
of the saphenofemoral junction (SFJ) and stripping, liga-
tion of the SFJ alone, banding, foam or liquid sclerother-
apy, endovascular ablation, and compression stockings.1-9
The traditional, most widely accepted treatment is ligation
and division of the SFJ and its tributaries, with stripping of
the GSV trunk.1,10 Radiofrequency ablation is an endovas-
cular technique designed to ablate the incompetent GSV
without the need for stripping.7-8,10-13 Less pain, early
discharge, early return to work and normal activities, and
potential for cost savings are advantages of this endovascu-
lar procedure.11,12 The vascular surgeons at Jobst Vascular
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1166Center implemented a radiofrequency ablation program in
February 2001.14 In addition to radiofrequency ablation
from the SFJ to just below the knee for ablation of the GSV,
ligation with interruption of the GSV and SFJ tributaries
was performed uniformly by 1 surgeon and selectively by 2
other surgeons. Follow-up of this novel treatment was
performed in the noninvasive vascular laboratory.
Color-flow, duplex ultrasound has become a common
and effective means for preoperative mapping, intraopera-
tive guidance, and postoperative follow-up.2,6-22 The fate
of the treated GSV segment has been reported.14 The
purposes of this report are to describe the prevalence of
small vessel networks at the SFJ and in the thigh after
radiofrequency ablation, and the association of small vessel
networks and recanalization of the treated GSV at the SFJ
and thigh, and to assess whether there are differences in
patients undergoing SJF ligation compared with those
treated without ligation. The distal untreatedGSV segment
was also examined and described for patency and reflux.
METHODS
Patients. Color-flow ultrasound scanning was per-
formed in 106 extremities in 89 patients (82% women, 18%
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median, 52 years]) 4 to 25 months (median, 9 months)
after radiofrequency ablation. Ultrasound follow-up was
offered to patients who had undergone radiofrequency
ablation in the 2-year period beginning February 2001.
This is a review of all patients who underwent the exami-
nation. The study sample population represented 49% of
radiofrequency ablation procedures performed during this
period. Preoperative CEAP clinical classification23 docu-
mented 6 extremities with C6 disease with open ulcers
(6%), 15 limbs with C5 disease with healed ulcers (14%),
and 23 legs with C4 disease with skin and soft tissue changes
Fig 1. Ultrasound observations of small vessel network
ablation of the greater saphenous vein. A, Transverse im
artery (DFA) with mixed red and blue colors, commo
superficial to deep vessels.B,Venous flowwaveform (top)
in A.
Fig 2. Ultrasound observations of small vessel network
the greater saphenous vein (GSV). Transverse and longit
GSV. Longitudinal images demonstrate recanalization
recanalized segment. Doppler sample volume placed ne
venous flow waveforms.ranging from pigmentation to lipodermatosclerosis (22%).Ninety-three extremities (88%) had visible varicose veins.
All procedures were performed to treat symptomatic valvu-
lar insufficiency of the GSV objectively demonstrated by
preoperative duplex ultrasound examination. Reflux longer
than 500 msec was detected in the thigh segment of the
GSV in all extremities (100%), at the SFJ in 93 extremities
(88%), and in the below-knee GSV segment in 75 extrem-
ities (71%).
Operative procedure. A succinct description of the
radiofrequency ablation procedure performed at our insti-
tution is presented. Other details have been previously
described.14 Varicose veins were marked preoperatively
r near the saphenofemoral junction after radiofrequency
of superficial femoral artery (SFA) in red, deep femoral
oral vein (CFV) in blue, and small arteries and veins
arterial flowwaveform (bottom) from small vessels shown
recanalization in thigh after radiofrequency ablation of
l images demonstrate small vessels at or near the treated
hickened venous wall. A superficial tributary feeds the
hrunken saphenous vein demonstrates both arterial ands at o
age
n fem
ands and
udina
and t
ar a swith the patient standing. After administration of general
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ultrasound guidance, most commonly at the mid-calf to
upper calf. Preference was given to the use of a 6F versus 8F
VNUS radiofrequency ablation catheter. The radiofre-
quency ablation catheter tip was placed in the proximal
GSV, just below the SFJ, with ultrasound guidance. Tu-
mescent anesthesia was used as needed, to develop a skin-
catheter separation greater than 1 cm. The catheter was
pulled back at a rate of 2 to 3 cm/min. Flush ligation of the
GSV with its division, and ligation and division of tributar-
ies of the SFJ was performed in 93 extremities (88%). In
some patients ligation was deemed unnecessary if there was
a functional valve at the SFJ but the GSV reflux was distal to
the SFJ. Post-treatment ablation of the saphenous vein was
confirmed with ultrasound imaging. Microphlebectomy
was performed routinely to treat varicose veins.
Color-flow duplex ultrasound scanning. The color-
flow venous duplex ultrasound protocol used to evaluate
the treated GSV segment has been described.14 Details of
the protocol to detect small vessels are emphasized in this
Fig 3. Ultrasound observations of small vessel networks and lim-
ited recanalization in thigh after radiofrequency ablation of the
greater saphenous vein in a patient with new telangiectasias. A,
Longitudinal image demonstrates small artery approaching region
under new telangiectasias. B, Longitudinal image demonstrates
tributary vein and concomitant artery connection to partially
thrombosed vein valve sinus.C,Transverse image of atretic greater
saphenous vein and longitudinal representation of small vessels
connected to muscular vasculature. D, B-mode, color-flow, and
duplex Doppler ultrasound scans of partially thrombosed valve
sinus.section.A Philips/ATL HDI 5000 was used for ultrasound
imaging. A linear array, 4-MHz to 7-MHz probe was
preferred. The patient rested on an inclined (10-15 de-
grees) stretcher, with the feet down enough to dilate the leg
veins. A measuring tape was placed over the anterior aspect
of the lower extremity from groin to foot. Ultrasound
imaging was continuous, and repeated as needed, from
groin to ankle. Image depth, focus, zooming, and color-
flow sensitivity were optimized in each patient.
In contrast to pre-radiofrequency ablation ultrasound
testing, which was performed with standard venous set-
tings, color-flow sensitivity was increased during the fol-
low-up examinations to improve detection of recanalized
GSV segments and small vessel networks. Small vessel
networks were defined as veins and arteries less than 2 mm
in diameter. Flow sensitivity was increased 2-fold by de-
creasing the velocity scale as affected by pulse repetition
frequency. Color gain was maintained just below noise
levels, to ensure maximal sensitivity. Due to small vessel
tortuosity, velocity signals were used to detect flow charac-
teristics and to differentiate arteries from veins. Flow with
venous or arterial characteristics were noted adjacent to
thrombosed or occluded GSV segments or within recana-
lized GSV segments. Muscle vessels, often an artery-vein
pair, approaching the treated GSV were observed. Com-
municating veins and concomitant arteries, tributary veins,
or superficial arteries connected to the treated GSV were
also observed.
Small vessel networks were ascribed to 2 distinct loca-
tions: vessels were classified as being in the SFJ region if
detected within 7 cm from the groin crease or adjacent to
the SFJ (Fig 1), and vessels detected distal to the SFJ region
and proximal to the knee were considered “thigh” vessels.
Recanalization was interpreted as visualization of color
flow with Doppler signals inside a treated GSV. Thickened
vein walls with evidence of fibrosis or thrombosis were a
factor in differentiating a recanalized segment from an
untreated segment. Recanalized segments were commonly
short, with small diameters. Others appeared to be filled
with small, localized fresh thrombus associated with blood
flow, having the characteristics of both arterial venous
components. Direction of flow in recanalized segments
varied from forward to reversed, or occurred in either
Table I. Ultrasound findings after radiofrequency
ablation of great saphenous vein: Prevalence of small
vessel networks by location
Location
Prevalence
n %
Total 60 of 106 65
SFJ only 16 15
Thigh only 28 26
SFJ and thigh 25 24
SFJ, Saphenofemoral junction, defined as region within 7 cm from groin
crease.direction, with compression maneuvers. In most cases sig-
ion wi
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lized segments. GSV tributaries, perforating veins, and
communicating veins connected to muscle veins were also
detected as an inflow source or drainage from a recanalized
GSV. Small vessel networks in both arteries and veins were
often traced to vessels immediately below telangiectasias.
Fig 2 shows a series of ultrasound images detected
around a recanalized GSV segment in the thigh. Fig 3 is a
composite picture that schematically and actually demon-
strates the interconnections observed from a newly devel-
oped telangiectasia, a valve sinus of a radiofrequency abla-
tion–treated GSV, and vessels originating deep in the
muscle.
The below-knee GSV segment, distal to the radiofre-
quency ablation–treated GSV, was classified as either oc-
cluded, patent without reflux, or patent with persistent
Table II. Ultrasound findings after radiofrequency ablatio
recanalization at SFJ
Yes
n
Small vessel networks 32 of 93
Small vessel networks
and GSV recanalization
13 of 93
GSV, Greater saphenous vein; SFJ, saphenofemoral junction, defined as reg
Table III. Ultrasound findings after radiofrequency ablati
recanalization in treated thigh segment
Yes
n
Small vessel networks 44 of 93
Small vessel networks
and GSV recanalization
31 of 93
GSV, Greater saphenous vein; SFJ, saphenofemoral junction.
Table IV. Ultrasound findings after radiofrequency
ablation of GSV: Outcome of below-knee GSV
Condition
Prevalence
n %
GSV patent (N  106) 84 79
Patent without reflux 23 21
Patent with reflux 61 58
GSV occluded or absent (N  106) 22 21
Stripped 5 5
Thrombosed, atretic, or absent 17 16
Perforating vein reflux (N  106) 30 28
GSV, Greater saphenous vein.reflux greater than 500 msec. In GSVs with mixed findingsin the calf (eg, with segmental patency or segmental reflux),
the most dominant finding was reported based primarily on
length of the segment involved.
Data analysis. The prevalence of abnormal findings
was calculated as the frequency or percentage ratio of the
following observations: (1) small vessel networks in the SFJ
region, thigh or both; (2) small vessel networks in the SFJ
region after radiofrequency ablation with SFJ ligation; (3)
small vessel networks in the SFJ region after radiofrequency
ablation without ligation; (4) small vessel networks in the
thigh after radiofrequency ablation with SFJ ligation; or (5)
small vessel networks in the thigh after radiofrequency
ablation without ligation.
Prevalence of small vessel networks at the junction
(thigh) with SFJ ligation was compared with small vessel
network prevalence without ligation with the 2 test or
Fisher exact test. These calculations and comparisons were
repeated for combined findings of small vessel networks
and recanalization.
Similarly, prevalence of below-knee untreated GSV pa-
tency without reflux, patency with reflux, or occlusion were
calculated as the frequency of each occurrence. These ob-
servations were compared with pre–radiofrequency abla-
tion findings.
RESULTS
Sixty-five percent of extremities had small vessel net-
works, which were detected either in the SFJ, thigh, or both
(Table I).
Small vessels were detected in 41 of 106 SFJs (39%),
and proximal GSV recanalization was detected in 19 ex-
GSV: Prevalence of small vessel networks and
SFJ ligation
P
No
n %
9 of 13 69 .035
6 of 13 46 .014
thin 7 cm from groin crease.
f GSV: Prevalence of small vessel networks and
SFJ ligation
P
No
n %
7 9 of 13 69 .24
3 6 of 13 46 .55n of
%
34
14on o
%
4
3tremities (18%). Small vessel networks were detected in
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SFJ (Table II). Of these 32 extremities, 14 (44%) also had
recanalization of the proximal GSV. In the group without
SFJ ligation, small vessel networks were detected in 69% (9
of 13) of extremities. Of these 9 extremities with small
vessel networks, 6 (67%) had recanalization of the proximal
GSV. Despite the mismatch in numbers of extremities, the
prevalence of small vessel networks and of small vessel
networks with recanalization was significantly lower in the
group with ligation of the SFJ (P  .05, Fisher exact test).
All recanalized segments started within 4 cm from the
junction, and their average length was 6 cm. The proximal
and distal ends of the recanalized segments were associated
with small veins and small arteries adjacent to these veins.
Small vessels were detected in 53 thighs (50%), and
recanalization was detected in 37 thigh segments of the
GSV (35%). SFJ ligation did not affect the prevalence of
small vessel networks in the thigh or the prevalence of GSV
recanalization (Table III). Small vessel networks were de-
tected in 47% (44 of 93) of extremities treated with ligation
of the SFJ. Of these 44 extremities, 31 (70%) also had
recanalization of the GSV segment in the thigh. In the
group without ligation, small vessel networks were de-
tected in 69% (9 of 13) of extremities. Of these 9 cases, 6
(67%) had recanalization of the GSV in the thigh. Seven
veins had 2 distinct recanalized segments. The recanalized
segment started, on average, 17 cm from the groin, and
average length was 5 cm. Recanalized segments were asso-
ciated with a network of small veins at the proximal and
distal ends of the reopened channel. Small arteries were
commonly noted concomitant with the recanalized veins.
The outcome of the below-knee GSV segments is
shown in Table IV. Most GSVs were patent in the calf (84
of 106, 79%), and most had reflux (61 of 106, 58%).
Comparison with preoperative findings of reflux in the
below-knee segment is presented in Table V. The actual
prevalence of reflux decreased from 71% (75 of 106) before
radiofrequency ablation to 58% (61 of 106) after radiofre-
quency ablation. Although most below-knee untreated
GSVs remained patent and had reflux, radiofrequency ab-
lation of a proximal segment abolished reflux in 20% (n 
15) of calf GSVs with reflux before radiofrequency ablation.
Table V. Outcome of below-knee greater saphenous vein
ultrasound findings
Before radiofrequency
ablation
Reflux
n %
Reflux (N  75) 49 65
No reflux (N  31) 12 39
Total (N  106) 61 58
*Occluded or absent: 5 below-knee greater saphenous veins with reflu
ablation–treated segment in 6.
†Distally propagated thrombosis in 11 of 11 and 17 of 22, respectively.In contrast, new reflux was noted in 39% (n  12) of calfGSVs that did not have reflux before radiofrequency abla-
tion, demonstrating the progressive nature of this disease.
A variety of refluxing networks were observed involving the
GSV, the posterior arch of the GSV, other tributaries and
perforator vessels, which probably kept the calf GSV patent
and refluxing. The reduction in prevalence of reflux may be
related to thrombosis extending distally beyond the ablated
segment in 17 legs (16%) and the 5 calf GSVs that were
stripped.
DISCUSSION
Color-flow duplex ultrasound has become a standard
means of evaluating the veins of the lower extremity for
deep venous thrombosis, valvular insufficiency, preopera-
tive mapping, intraoperative imaging, and posttreatment
follow-up.2,6-22,24-27 This investigation focused on ultra-
sound observations after radiofrequency ablation of the
GSV, with specific attention given to detection of small
vessel networks and follow-up of the below-knee untreated
segment. We think that the use of the term “small vessel
networks” is more accurate than neovascularization. How-
ever, it may well represent the same process. Small vessel
networks were not detected preoperatively in connection
with the GSV.However, the refined imaging technique was
not used until the follow-up examination. The develop-
ment of small vessel networks appears to be a dynamic
process likely related to inflammation.
The initial approach taken by surgeons a the Jobst
Vascular Center was that radiofrequency ablation substi-
tuted for stripping, but not necessarily for ligation, of the
SFJ and its tributaries. Therefore ligation of the SFJ and
tributaries was performed in most patients to avert throm-
bus propagation in the common femoral vein, to eliminate
reflux via SFJ tributaries, and potentially to reduce recur-
rence of varicose veins. Most of the treated vein length was
obliterated in 99% of extremities.14 However, recanaliza-
tion of small segments of the treated GSV occurred in
about half of the extremities.
The issue of whether the SFJ junction and the tributar-
ies should be ligated and divided is not yet settled.13 There
appears to be a trend away from ligation when performing
radiofrequency ablation. In this series most patients had
parison of pre–radiofrequency ablation vs follow-up
adiofrequency ablation follow-up
No reflux Occluded*
n % n %
15 20 11 15*
8 26 11 35†
23 21 22 21†
re stripped and thrombosis propagated distally beyond radiofrequency: Com
R
x weincompetent valves at the SFJ. In the experience of others,
n cha
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extremities had reflux limited to segments of the GSV,
starting in the thigh, distal to a normal, nonrefluxing
SFJ.15,22 After radiofrequency ablation without ligation in
such extremities we would expect to find a patent SFJ and
proximal segment of the GSV.8,11-13,15,21,22 It is not yet
known whether concurrent SFJ and tributary ligation re-
duces recurrence in the groin region. Another question is
whether ligation reduces complications of radiofrequency
ablation, specifically, thrombosis. Hingorani et al27 re-
ported that thrombus extended into the common femoral
vein after radiofrequency ablation with a frequency much
higher than previously described.
Patterns of small arteries and veins underneath telangi-
ectasias and their venous drainage have been detected at
ultrasound scanning.25 In our experience these vessels are
often smaller than 1 mm in diameter and are detected as
close as a few millimeters from the skin. A communicating
or perforating vein adjacent to a communicating or perfo-
rating artery commonly drains these small veins. In this
series a continuous line of small arteries and veins was
observed linking deep vessels, radiofrequency ablation–
treated GSV segments, and newly formed telangiectasias
(Fig 3). In addition to the connection with inflow and
outflow tributaries, recanalized GSV segments were adja-
cent to or in connection with small arteries. Small arterio-
venous connections or malformations may contribute to
the cause of varicose veins, and identification of arterio-
venous anastomoses with ultrasound scanning has guided
treatment.26
Of interest, SFJ ligation was associated with a decreased
prevalence of small vessel networks and less recanalization
of the proximal GSV. These observations raise several issues
with implications regarding the cause of small vessel net-
works. Apparently even SFJ ligation and resection cannot
prevent some recanalization of the treated GSV. Whether
Fig 4. Ultrasound observations of arterial flow within
Transverse B-mode image of thrombosed channel of p
Transverse color-flow or power Doppler image shows sm
waveform confirms arterial characteristics of vessel withithis has clinical relevance remains to be seen. Large andsmall vessels may appear adjacent to the SFJ at variable
times after radiofrequency ablation. Without SFJ ligation,
radiofrequency ablation or thrombosis may induce an in-
flammatory process capable of inducing neovascularization
and recanalization. The small vessel networks observed in
this study contain serpentine arterial and venous compo-
nents, and bear similarity to the neovascularization de-
scribed after ligation and stripping procedures, a process
thought to be a cause of recurrent varicose veins.28-34 At
patient follow-up after ligation and stripping of the GSVwe
have detected arterial flow signals within the thrombosed
and partially recanalized channel of the stripped saphenous
vein (Fig 4). Mitchell et al35 reported vascularization of the
hematoma tract after GSV stripping as a new cause of
recurrent varicose veins. Reid et al36described arterial sig-
nals found within the lumen of thrombosed femoral veins
undergoing physiologic lysis. These findings are consistent
with the appearance of small vessel networks in association
with the inflammatory process associated with thrombosis.
Labropoulos et al37 reported that the severity of chronic
venous insufficiency parallels changes noted with an inflam-
matory process. Hyperemic venous flow and increased ar-
terial diastolic flowwere noted in large vessels of extremities
with skin changes and ulcers (C4-6). Skin blood flow also
increases with the severity of chronic venous disease, and
may correlate with a previous incidence of deep venous
thrombosis.38 Arterial flow may also increase in the asymp-
tomatic extremity of patients with contralateral venous
insufficiency, perhaps as a consequence of released inflam-
matory substances or changes in vasomotor tone.39 The
small vessel networks we detected may be a consequence of
a thrombotic, inflammatory process. Whether these lead to
arteriovenous communications and venous hypertension
needs to be further evaluated.
Treatment of the thigh segment of the GSV may abol-
ish reflux in the below-knee untreated GSV. Reflux of the
nel of previously stripped greater saphenous vein. A,
usly stripped greater saphenous vein at mid-thigh. B,
ssel (artery) in contact with thrombus. C, Doppler flow
nnel.chan
revio
all vedistal GSV may have been abolished either because radio-
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because thrombosis extended distally beyond the ablated
segment. However, for each GSV with elimination of re-
flux, 3 veins remained refluxing. Despite radiofrequency
ablation, venous insufficiency may progress, and new reflux
was noted in some patients during follow-up. Patients were
uniformly improved postoperatively, regardless of findings
at the distal GSV. These findings emphasize the progressive
nature of venous insufficiency and justify patient monitor-
ing to determine clinical evolution and future treatment.
The fundamental question relates to the implications of
findings of small vessel networks. If we assume that small
vessels appear as a consequence of inflammation, technical
details that reduce thrombus formation and inflammation
may be helpful.
In summary, patients treated with radiofrequency abla-
tion of the GSV had a high prevalence of small vessel
networks at the SFJ and thigh within 2 years of treatment.
Ligation of the SFJ and its tributaries decreased the preva-
lence of small vessel networks and recanalization of the
proximal GSV. The below-knee untreated GSV most likely
remains patent, with incompetent valves; however, the
clinical relevance of this observation is not yet clear. In
conclusion, monitoring the development of small vessel
networks and the outcome of the below-knee untreated
GSV may add to our understanding of the outcome in
patients who undergo radiofrequency ablation when corre-
lated with arteriovenous shunts, telangiectasias, inflamma-
tion, and recurrence of varicose veins or other signs and
symptoms of chronic venous disease. The study of small
vessel networks and their relationship to thrombosis and
inflammation and the details of the ablative procedure may
reveal fundamental information about short-term and
long-term outcome.39
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